An experiment was carried out to examine the effect of supplementing feed with oregano and/or α-tocopheryl acetate on growth performance of broiler chickens and the oxidative stability of breast and thigh meat. A total of 6300 one-day old Cobb-500 chickens were randomly allocated into 7 equal groups with three subgroups of 150 males and 150 females each. One of the groups was given a basal diet containing 30 mg α-tocopheryl acetate/kg feed (negative control group), whereas the other six groups were administered the basal diet supplemented further with dehydrated oregano plants at 5 g/kg (OR5 group) and 10 g/kg (OR10 group), dehydrated oregano plants at 5 or 10 g/kg plus 170 mg/kg α-tocopheryl acetate (OR5-TOC and OR10-TOC group, respectively), α-tocopheryl acetate at 170 mg/kg (TOC group), and flavomycin at 4 mg/kg plus lasalocid at 75 mg/kg (FLA-LAS positive control group). After 42 days of feeding, values of body weight, daily weight gain and feed conversion ratio showed that oregano given as single supplement at the level of 5 g/kg or in combination with α-tocopheryl acetate could serve as an alternative to the approved feed additives flavomycin and lasalocid, exerting a growth-promoting effect. Feed supplementation with oregano decreased malondialdehyde values in meat samples compared with the control, the supplementation level of 5 g/kg being more effective in retarding lipid oxidation compared with 10 g/kg. The antioxidant activity offered by oregano was, however, inferior to that exhibited by α-tocopheryl acetate supplementation, while the antioxidant activity presented by the combination of 5 g/kg oregano and α-tocopheryl acetate was higher than that presented by α-tocopheryl acetate when supplemented alone or in combination with 10 g/kg oregano. Thigh meat samples were found to be more susceptible to oxidation compared with breast meat, although the latter contained α-tocopherol at markedly lower levels.
INTRODUCTION
The poultry industry in Europe plays a major role in the meat market due mainly to the desirable nutritional characteristics of poultry meat. These include a low lipid content and relatively high concentrations of polyunsaturated fatty acids that can be further increased by specific dietary strategies (Hargis and Van Elswyk, 1993) .
The poultry industry would not achieve its current high productivity levels, measured as rapid growth rate, low feed conversion ratio and low mortality, without the high genetic potential of broilers, optimum diet specifications, and the use of antimicrobial feed additives. However, the increasing pressure of consumers for more healthy food has recently prompted European countries to ban certain feed additives, including antibiotics and anticoccidιal substances (European Commission Regulations, 1998) . It is now generally accepted that the use of antimicrobial feed additives might potentially affect human health due to emergence of antibiotic-resistant microorganisms in food animals (Wegener et al., 1998) .
If antibacterial feed additives are withdrawn from use, alternative feeding strategies should probably be introduced to offset any possible adverse effects on production. There is, therefore, a growing interest in the identification and evaluation of alternatives to traditional feed additives that would be closer to environmentally friendly farming practices and satisfy both producer and consumer expectations. In recent years, extracts or essential oils from several herbal plants including rosemary and sage (Lopez-Bote et al., 1998) , tea (Tang et al., 2000) , and oregano (Botsoglou et al., 2002a (Botsoglou et al., ,b, 2003a have attracted research interest asalternative feed supplements to antimicrobial feed additives. They have all been also shown to have the potential to increase the antioxidant capacity of poultry meat when added to feeds. Published information on the possible use of intact herbal plants as feed supplements is still, however, rather limited.
In a previous study conducted in our laboratory on the modulation of Eimeria tenella infection by various aromatic plants of the Greek flora, we found that dehydrated oregano (Origanum vulgare subsp. hirtum) plants and Olympus tea (Sideritis scardica) plants, both members of the Labiatae family, exhibited moderate coccidiostatic action against E. tenella when they were incorporated into chicken diets Giannenas et al., 2004) . The purpose of this study was to investigate the effect of feed supplementation with oregano and/or α-tocopheryl acetate on the growth performance of broiler chickens and the oxidative stability of breast and thigh meat. GIANNENAS I.A. ET AL.
MATERIAL AND METHODS

Animals and dietary treatments
A total of 6300 day-old Cobb-500 chickens randomly allocated into 7 equal groups with three subgroups of 150 males and 150 females each, was used in this study. All birds were cared for in accordance with the Guide for the Care and Use of Laboratory Animals (Committee on Care and Use of Laboratory Animals, 1996) . The chickens were housed in a commercial broiler chicken farm in floor pens with wood shaving litter. During the experimental period that lasted 42 days, the temperature was gradually decreased from 32 o C on day 1 to 22 o C on day 21 and kept constant thereafter. The lighting regimen provided 23 h of light per day. The birds were vaccinated against Newcastle disease and infectious bronchitis on day 10 of age using Hitchner B1 and Massachusetts H-120 strains, respectively, and against Gumboro disease on day 17 of age using strain D-78.
One of the groups was given basal diets containing 30 mg α-tocopheryl acetate/kg feed. This group served as the negative control group for the evaluation of growth performance of chickens, and as the control group for the lipid oxidation studies. The other six groups were administered the basal diets supplemented further with dehydrated oregano plants at 5 g/kg (OR5 group) and 10 g/kg (OR10 group), dehydrated oregano plants at 5 g/kg plus an extra 170 mg/kg α-tocopheryl acetate (OR5-TOC group), dehydrated oregano plants at 10 g/kg plus an extra 170 mg/kg α-tocopheryl acetate (OR10-TOC group), α-tocopheryl acetate at an extra of 170 mg/kg (TOC group), and flavomycin at 4 mg/kg plus lasalocid at 75 mg/kg (FLA-LAS group). The FLA-LAS group served as the positive control group for the evaluation of growth performance of chickens. Table 1 presents the ingredients and the composition of the starter, grower and finisher basal diets that were in mash form. The dehydrated oregano plants consisted of flowered tops, leaves, stems and stalks of Origanum vulgare subsp. hirtum plants (Ecopharm Hellas, SA, Kilkis, Greece) that had been ground to pass a 2 mm screen. According to the supplier, the oregano plants contained 1.22% carvacrol and 0.07% thymol. Proximate analysis showed that the plants also contained, %: moisture 8.9, crude protein 13.3, crude fat 4.1, crude fibre 19.0, and ash 9.1. Diets and drinking water were offered to birds ad libitum. 
Growth performance
To evaluate growth performance, thirty chickens from each subgroup were taken at random at 1, 7, 14, 21, 35 and 42 days of age, and weighed individually for estimation of body weight gain. Four hours prior to weighing, dietswere removed and feed intake within each subgroup was also determined. Feed conversion ratio values were calculated weekly as the ratio of feed intake to weight gain. Mortality was recorded daily in each subgroup.
Sampling procedure
At 42 days of age, the chickens were slaughtered, and carcasses from 12 male and 12 female birds were randomly taken from each subgroup and trimmed for breast and thigh muscle tissue by removing skin, bones, connective tissue and subcutaneous fat. Following trimming, breast and thigh muscle tissues were sampled for iron-induced and refrigerated-storage-induced lipid oxidation, and determination of α-tocopherol concentrations.
Iron-induced and refrigerated-storage-induced lipid oxidation
Iron-induced lipid oxidation of breast and thigh muscle samples was carried out according to Botsoglou et al. (2002a) with minor modifications. In brief, 1-g samples were homogenized (Ultra-Turrax, IKA-R -Labortechnik, Staufen, Germany) for 15 s with 0.5 ml 5 mM FeSO 4 7H 2 O and 0.5 ml 2 mM ascorbic acid. Three portions from each homogenate were immediately subjected to ironinduced lipid oxidation by incubation at 37 o C for 90, 180, or 270 min. Following incubation, all three incubated portions along with a fourth non-incubated portion from each homogenate were immediately analysed for their malondialdehyde (MDA) content.
To study refrigerated-storage-induced lipid oxidation, breast and thigh muscle samples were minced, wrapped in transparent oxygen-permeable polyvinyl chloride film (6000-8000 cm 3 /m 2 24h), and placed in a non-illuminated refrigerated cabinet at 4 o C for a total of 9 days. The progress of lipid oxidation was determined at 0, 3, 6 and 9 days of storage on the basis of the MDA content. Malondialdehyde, the compound used as an index of lipid peroxidation, was determined by a selective third-order derivative spectrophotometric method (Botsoglou et al., 1994) . In brief, samples were homogenized in the presence of 8 ml of 5% aqueous trichloroacetic acid and 5 ml of 0.8% butylated hydroxytoluene in hexane, and the mixture was centrifuged. The top layer was discarded, and a 2.5-ml aliquot from the bottom layer was mixed with 1.5 ml of 0.8% aqueous 2-thiobarbituric acid to be further incubated at 70 o C for 30 min. Following incubation, the mixture was cooled under tap water and submitted to conventional spectrophotometry (Shimadzu, Model UV-160A, Tokyo, Japan) in the range of 400-650 nm. Third-order derivative spectra were produced by digital differentiation of the normal spectra using a derivative wavelength difference setting of 21 nm. The concentration of MDA in analysed samples was calculated on the basis of the height of the third-order derivative peak at 521.5 nm by referring to slope and intercept data of the computed least-squares fit of a standard calibration curve prepared using 1,1,3,3-tetraethoxypropane.
Chemicals
All chemicals used for lipid oxidation studies and analysis of α-tocopherol, were of analytical-grade. Butylated hydroxytoluene, 2-thiobarbituric acid, ascorbic acid, α-tocopherol reference standard, FeSO 4 7H 2 O, and 1,1,3,3-tetraethoxy-propane, the precursor of malondialdehyde, were obtained from Sigma Chemical Co. (St. Louis, MO). Trichloroacetic acid, pyrocatechol, hexane, methanol, acetonitrile, hydrochloric acid, and sodium hydroxide were purchased from Merck (Darmstadt, Germany) whereas α-tocopheryl acetate from BASF Ltd. (Ludwigshafen, Germany).
Analysis of α-tocopherol in muscle and feed samples
For the extraction of α-tocopherol, samples (0.5 g) were homogenized with 5 ml of a saturated methanol solution of KOH in the presence of 100 μl pyrocatechol solution (200 mg/ml) and then immersed in a water bath at 80 o C for 15 min (Botsoglou et al., 1998) . Following saponification, 5 ml hexane and 1 ml water were added, and the mixture was vortex-mixed and centrifuged at 2000 g. An aliquot of the upper phase was evaporated to dryness to be further reconstituted in methanol and injected into a liquid chromatograph (Shimadzu, Model 6AV, Tokyo, Japan). Liquid chromatography was carried out using a Nucleosil C 18 , 5 mm, 250 × 4.6 mm, column (Reading, UK), and a mobile phase of methanol/water (97:3, v/ v) that was delivered to the system at a flow rate of 2 ml/min (Sheehy et al., 1994) . A fluorimetric detector set at an excitation wavelength of 290 nm and emission wavelength of 330 nm was used for monitoring column effluents. Detector signals were quantified using peak heights and a standard calibration curve.
Statistical analysis
Each subgroup served as the experimental unit in the statistical analysis of all data. Data were subjected to analysis of variance (ANOVA) in the general linear model using the SPSS 10.05 statistical package (SPSS Ltd., Woking, Surrey, UK). The homogeneity of the variances was tested by Levene's test. When significant treatment effects were disclosed at the probability level of P<0.05, Tukey's test was applied in order to determine statistical differences between means. Mortality values were tested by the Chi-square test.
RESULTS
At the age of 42 days, the OR5 and OR5-TOC groups presented body weight gain values that were significantly better (P<0.05) than the negative control group but similar (P>0.05) to that of the FLA-LAS group, which was the negative control = group fed on basal diets containing 30 mg α-tocopheryl acetate/kg feed; OR5= group fed on basal diets supplemented further with 5 g oregano/kg feed; OR10= group fed on basal diets supplemented further with 10 g oregano/kg feed; OR5-TOC= group fed on basal diets supplemented further with 5 g oregano/kg plus an extra 170 mg/kg α-tocopheryl acetate/feed; OR10-TOC= group fed on basal diets supplemented further with 10 g oregano/kg plus an extra 170 mg/kg α-tocopheryl acetate/feed; TOC= group fed on on basal diets supplemented further with α-tocopheryl acetate at an extra of 170 mg/kg; FLA-LAS positive control = group fed on basal diets supplemented further with flavomycin at 4 mg/kg plus lasalocid at 75 mg/kg feed a,b,c values in the same row with a superscript in common do not differ significantly at P>0.05 positive control group in this investigation. This indicated that oregano given as a single supplement at the level of 5 g/kg or in combination with α-tocopheryl acetate could serve as an alternative to the approved feed additives flavomycin and lasalocid. The OR10, OR10-TOC and TOC groups presented body weight gain values that were numerically lower than the OR5, OR5-TOC and FLA-LAS groups, and numerically higher than the negative control group, but the difference was not statistically significant ( Table 2) .
Incorporation of dehydrated oregano plants in the diets influenced neither (P>0.05) chicken mortality (Table 3) nor total feed intake but had a significant (P<0.05) effect on feed conversion ratio. Thus, at the age of 42 days, the OR5, OR5-TOC and FLA-LAS groups presented feed conversion ratios that were significantly better (P<0.05) than the negative control group. The OR10, OR10-TOC and TOC groups presented ratios that were not statistically different from those of other groups (Table 2) . Table 2 The iron-induced lipid oxidation experiment showed that dietary oregano improved the oxidative stability of the produced breast and thigh muscle tissues (Figure 1) . The OR5 group presented MDA values that were significantly lower (P<0.05) than the OR10 group, which, in turn, presented MDA values that were significantly lower (P<0.05) than the control group. The OR10-TOC, TOC and OR5-TOC groups presented MDA values that were significantly lower (P<0.05) than the OR10 and the OR5 groups for both breast and thigh samples. The OR5-TOC group presented MDA values that were significantly lower (P<0.05) than the TOC group at 270 min. The TOC group, in turn, presented MDA values that were significantly lower (P<0.05) than the OR10-TOC group at 180 min and 270 min of incubation (Figure 1) . The FLA-LAS group was not examined for MDA values because the antibacterial growth promoter flavomycin and the ionophore coccidiostat lasalocid were not expected to influence the oxidative stability of chicken meat.
The refrigerated-storage-induced lipid oxidation experiment showed an analogous lipid oxidation profile. Again, the OR5-TOC group presented MDA values that that were significantly lower (P<0.05) than the TOC and OR10-TOC groups (Figure 1) .
Both experiments showed that thigh muscle samples were more readily susceptible to oxidation than breast samples under any dietary treatment. However, thigh muscle samples were found to contain markedly higher levels of α-tocopherol than breast samples (Table 4 ). In the control group that had been Table 2 supplemented with 30 mg α-tocopheryl acetate/kg, mean α-tocopherol levels in thigh and breast samples were 3.84 and 2.25 μg/g, respectively. Supplementing the basal diet with 170 mg/kg α-tocopheryl acetate increased the levels of α-tocopherol in thigh and breast samples to 19.2 and 10.4 μg/g, respectively. The incorporation of dehydrated oregano plants in diets did not significantly (P>0.05) influence the level of α-tocopherol in feeds and tissues; the OR5-TOC, OR10-TOC and TOC groups presented α-tocopherol levels that did not differ (P>0.05) significantly in their α-tocopherol content (Table 4 ). The FLA-LAS group was not analyzed for α-tocopherol because flavomycin and lasalocid were not expected to influence the α-tocopherol content of chicken meat. Table 2 a,b values in the same column with a superscript in common do not differ significantly at P>0.05
DISCUSSION
The results of the present study showed that the dehydrated oregano plants improved growth performance when incorporated in the broiler diets at the level of 5 g/kg; supplementation of the diets at this level resulted in significantly better (P<0.05) body weight gain and feed conversion ratio. These results are in line with studies reporting that oregano essential oil improved the performance of chickens when supplemented through drinking water at 150 or 300 mg/l (Basset, 2000; Hertrampf, 2001) . Alcicek et al. (2003) also reported that dietary supplementation of an essential oil combination from 6 herbs including oregano improved chicken performance. However, other pertinent studies showed that supplementation of poultry diets with oregano essential oil at levels of 50 and 100 mg/kg for broilers (Botsoglou et al., 2002a) , and at levels of 100 and 200 mg/kg for turkeys (Papageorgiou et al., 2003) , had no beneficial effect on growth performance.
These inconsistent results might be attributed to differences in the environmental conditions and/or the composition of the oregano supplement. It is generally accepted that well-nourished healthy chickens do not respond to growth promoting supplements when they are housed under clean, disinfected conditions and moderate stocking density. Consequently, little or no response can be expected at high performances, but with a substandard performance the response to oregano may increase. Furthermore, oregano plants, apart from the volatile antimicrobial compounds occurring in the essential oil (Adam et al., 1998) , also contain a variety of glycosidically bound volatile and non-volatile constituents that exhibit biological activity after enzymatic or acid hydrolysis (Milos et al., 2000) . Therefore, oregano plants are expected to be more biologically active than the essential oil when incorporated in chicken diets.
Although the dehydrated oregano plants improved growth performance when incorporated in diets at the level of 5 g/kg, they were found to be inactive at the supplementation level of 10 g/kg. This might possibly be due to the action of the phenolic constituents that might have toxic effects in high doses. Phenolic compounds may exert their activity on the host enterocytes too (Weber and De Bont, 1996) . In other words, carvacrol and thymol might have the same effect on the upper layer of mature enterocytes of the intestinal mucosa, which are already affected by the intracellular pathogens. The hydrophobic character of carvacrol suggests interaction with the membranes (Sikkema et al., 1994) . When the concentration of carvacrol increases, more of this compound is expected to accumulate and interact in the phospholipid bilayer, affecting membrane fluidity (Weber and De Bont, 1996) .
Since oregano plants are generally characterized by a high content of phenolic antioxidants (Economou et al., 1991) , the effect of their incorporation in broiler diets on the oxidative stability of the produced meat was investigated. Evaluation of the oxidative stability of the produced chicken meat was carried out using a model system with iron-induced lipid oxidation (Botsoglou et al., 2002a) . Ironinduced lipid oxidation is an accelerated approach for studying the oxidative stability of meat. Figure 1 shows that the use of this process resulted in different concentrations of MDA in breast and thigh meat. The increase was higher in the control group and lower in the TOC group. Diet supplementation with oregano plants decreased, in general, MDA values in tissue samples compared with the control, a finding suggesting that dietary oregano exerted a significant antioxidant effect. The OR5-TOC group presented MDA values that were significantly lower (P<0.05) than the TOC and OR10-TOC groups, a finding suggesting that there might be a synergic antioxidative effect of a dietary oregano level of 5 g/kg with α-tocopheryl acetate. An analogous lipid oxidative profile was observed when chicken meat was refrigerated stored at 4 o C for 9 days. These results are in agreement with recent studies showing that diet supplementation with oregano essential oil has the potential to increase the oxidative stability of chicken (Botsoglou et al., 2002a (Botsoglou et al., ,b, 2003a and turkey (Botsoglou et al., 2003b,c; Papageorgiou et al., 2003) tissues.
The lower MDA values found in tissues after diet supplementation with dehydrated oregano plants and α-tocopheryl acetate are probably the result of various antioxidant constituents that entered the circulatory system, were distributed and retained in the tissues, exhibiting antioxidant activity. The bioavailability of oregano constituents in chicken tissues cannot be directly demonstrated because adequate analytical methodology has not been developed yet. However, it has been reported that α-tocopherol, a major natural chainbreaking antioxidant in the cell membranes, provides protection against early events in lipid oxidation at the site where it is initiated, while oregano constituents can be effective in the inhibition of all phases of the peroxidative process by first neutralising free radicals, then blocking peroxidation catalysis by iron and, finally, through chain-breaking activity (Cervato et al., 2000) . A synergistic effect of dietary oregano essential oil and α-tocopheryl acetate supplementation on the oxidative stability of raw and cooked turkey meat has also been previously reported by Botsoglou et al. (2003c) . These results are in line with the findings of Fang and Wada (1993) who found that a mixture of α-tocopherol and an extract of rosemary, another plant of the Labiatae family, exerted a stronger antioxidant effect than either α-tocopherol or rosemary alone, in a sardine model system; the synergistic action of rosemary was attributed to possible regeneration of α-tocopherol through donation of hydrogen atoms to the tocopheroxyl radicals.
Dietary supplementation with oregano at levels of 5 or 10 g/kg, did not increase (P>0.05) the concentration of α-tocopherol in muscle tissues (Table 4) . Comparing the lipid oxidation profiles of breast and thigh muscle samples, it appears that the latter suffered more intense lipid oxidation. Since the greater the amount of endogenous α-tocopherol in tissues, the better protection the muscle should have against oxidative attack, breast and thigh muscle samples were submitted to α-tocopherol analysis. It was found that thigh muscle contained markedly higher α-tocopherol levels than breast muscle although it tended to oxidize faster than breast muscle. The results on α-tocopherol concentrations in chicken tissues are in agreement with values reported in the literature for poultry (Sheehy et al., 1994; Botsoglou et al., 2002a,b) .
The higher susceptibility of thigh muscle to oxidation has been attributed to its higher content of polyunsaturated fatty acids with more than two double bonds (Jensen et al., 1997) . Although breast muscle has a higher percentage of these acids in fat, the absolute amount in thigh muscle is three times higher than in breast muscle regardless of the dietary treatment because the total fat content in thigh muscle is approximately five times that of breast muscle (Jensen et al., 1997 ). It appears that the molar ratio of these fatty acids to α-tocopherol is more descriptive than the level of muscle α-tocopherol alone (Jensen et al., 1997) . The large amount of pro-oxidative agents originating from tissue myoglobin and other iron containing proteins found in thigh muscle may also reduce the oxidative stability in this tissue (Rhee and Ziprin, 1987) . Muscle α-tocopherol is one important factor influencing the level of lipid oxidation, but the influence of polyunsaturated fatty acids and content of pro-oxidants must be taken into consideration as well.
CONCLUSIONS
The results presented in this study showed that the dehydrated oregano plants exerted a growth-promoting effect when incorporated in chicken diets at the level of 5 g/kg. This incorporation also improved the oxidative stability of both breast and thigh muscle, the level of 5 g/kg again being more effective compared with 10 g/kg. The oxidative stability offered by oregano plants was inferior to that exhibited by the α-tocopheryl acetate supplementation. However, the dietary combination of 5 g/kg oregano and α-tocopheryl acetate exhibited antioxidant activity higher than that presented by α-tocopheryl acetate when supplemented alone or in combination with 10 g/kg oregano. Thigh muscle was more susceptible to oxidation than breast muscle, although the former contained α-tocopherol at markedly higher levels. It may, therefore, be assumed that antioxidant compounds of oregano were absorbed from the diet, entered the circulatory system after ingestion, and were distributed and retained in muscle and other tissues. As there is no analytical method available for the determination of oregano antioxidants in meat, the bioavailability of these compounds in the dietary-modified meat could not be directly demonstrated. Additional research is needed toward developing a method that could identify and quantify each of the main antioxidant constituents of oregano deposited into chicken meat.
